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Low energy galactic cosmic rays as well as particles accelerated to high energies either at the solar surface 
or in the interplanetary medium have access to the atmosphere above a given position on the Earth depending 
upon the state of the magnetosphere. The interpretation of the cosmic ray anisotropy, deduced from the neutron 
monitor (NM) network, must assume the variability of the magnetospheric configuration. Along with a short 
review of changes of the geomagnetic cutoffs in the disturbed magnetosphere reported in the earlier papers, we 
present the results of computations of transmissivity function and asymptotic directions for selected points on the 
ground and for a low altitude polar orbiting satellite as well. The computations, based on different available 
models of geomagnetic field of external sources are performed for quiet time periods and for strong geomagnetic 
disturbances occurred in 2003 and 2004. 
 
Introduction 
Access of low energy cosmic rays to the Earth is controlled 
by the geomagnetic field. This effect is usually estimated by 
particle trajectory tracing from the point of observation in the 
model geomagnetic field (e.g. [1]). The computational results 
are compared with the measurements both on ground (e.g. [2-
4] among others) as well as on low altitude satellites (e.g. [5-
7]). During the enhanced geomagnetic activity, changes of 
cutoffs and asymptotic directions occur (e.g. [8]). Relevance 
of cosmic rays as one of the parameters for the forecasts of 
space weather effects is checked during the past decade and 
special networks/systems are created (e.g. [9-17]). Also the 
direct relations of cosmic rays to space weather are studied 
(e.g. [18-21]). The interpretation of cosmic ray variability 
and/or anisotropy requires good estimates of the transmissivi-
ty and asymptotic characteristics of cosmic rays.   
Intervals of October, November 2003 & November 2004 
with strong geomagnetic disturbances are useful for checking 
the changes of magnetospheric transmissivity for galactic and 
solar cosmic rays. For this purpose, in addition to the cosmic 
ray obtained from the NMs, here we use measurements on 
Russian low altitude polar orbiting satellite CORONAS-F by 
a detector with large geometrical factor sufficient to observe 
variations of low energy galactic cosmic rays [22,23]. The 
SKL complex of instruments is also used for mapping the 
boundary of solar electron penetration to high latitudes [24]. 
Most of the papers published earlier on cutoff rigidity 
computations and/or geomagnetic transmissivity changes, are 
based on the “static” geomagnetic field models combining the 
geomagnetic field of internal and external sources. A new 
model, suggested for the periods of strong geomagnetic 
storms was published by Tsyganenko and Sitnov [25]. Its 
difference from the earlier models is the principle sources of 
the external magnetic field are driven by a separate variables, 
derived from the “prehistory” of the disturbance, i.e. as a time 
integral of a combination of geo-effective parameters as solar 
wind speed, density and north-south component of Inter-
planetary Magnetic Field (IMF).  
We present computations of the geomagnetic transmissivi-
ty for three selected periods with different disturbances of the 
magnetosphere, and we report the increases of solar cosmic 
rays and low energy galactic particles observed on the ground 
and on the satellite due to the improved transmissivity of 
magnetosphere. In addition to the models used previously, the 
computations here are done also with a new model [25] 
depending on the availability of input data.  
Method 
We use a method, similar to earlier ones (e.g. [1]), tracing 
the cosmic ray particle trajectory from a given point on the 
Earth’s surface with the reversed charge sign and velocity 
vector and numerically solving the equation of motion in the 
model field B. The details of the computation method and 
dependence of the result on parameters of computations are 
described in [26-28].  
For B we use the modified ‘Geopack 2003’ subroutines 
(http://nssdc.gsfc.nasa.gov/space/model/magnetos/data-based/ 
modeling.html) based on International Geomagnetic Referen-
ce Field (IGRF) model (http://www.ngdc.noaa.gov/IAGA/ 
vmod/igrf.html). The IGRF coefficients having order/degree 
up to 10 are used. To look into the comparison with cosmic 
ray intensity variations we have used the computed values of 
the upper and effective cutoff rigidities as characteristics of 
magnetospheric transmissivity. Their definitions are given in 
[29]. When the first of the values depicts the highest rigidity 
transition between the forbidden and allowed trajectory, the 
second one depends on the structure of penumbra. The 
computations are done for vertical direction of cosmic ray 
access and the step in rigidity is 0.001 GV. 
We have performed the computations of the upper and 
effective cutoffs using three approaches- (1) Tsyganenko 
Ts89 model [30], (2) extension of Ts89 with Dst [31] and (3) 
the new Tsyganenko Ts04 model [25]. As the first two 
models are parameterized by Kp and by instant Dst value, the 
inputs to the second model are derived from prehistory of 
solar wind and IMF parameters.  
Interval 1 (October 28 - November 1, 2003) 
The cosmic ray (CR hereafter) intensity variations as 
measured by low latitude NMs at Haleakala and Mexico are 
shown in Fig. 1. Increases in the intensity with maximum at 
 
Fig.1. Upper panels: Haleakala (HALN) and Mexico (MEXN) 
NM normalized CR intensity. Lower panels: vertical cutoff 
rigidity (upper-U and effective-E by Ts89+Dst model field) 
variations during interval 1. 
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Fig.4. Left: Dst –upper panel; Neutron monitor time profiles at 4 European Observatories (Oulu - OULUN, Lomnicky Stit - LSN, Rome 
- ROMAN, Athens - ATHENSN) during the Dst decrease on November 20-21, 2003, normalized to the mean 00-12 UT on 
November 20. Right: Lomnicky Stit NM normalized counting rate profile (middle panel) compared with the effective and upper 
cut-offs obtained from trajectory computations. The vertical cutoffs are computed for the approach (2) (LSBOBU – upper, 
LSBOBE – effective) and for approach (3) (LSTS04U – upper, LSTS04E – effective) of geomagnetic field model. 
~01 UT on October 30 are observed during the decreases of 
both the Dst (after 00 UT on Oct. 30) and computed by 
Ts89+Dst external field model vertical cutoff rigidities, upper 
and effective. An example for Lomnicky Stit NM is given in 
Fig. 2. The vertical rigidities with model Ts89 shows local 
time variations. The CR intensity enhancements during Dst 
decreases and during reductions of computed cutoffs using 
model Ts89+Dst are not well pronounced here. 
Low altitude (~500 km), polar orbiting satellite 
CORONAS-F, launched on July 31, 2001 and finished its 
mission on December 4, 2005 contained SONG instrument, 
dedicated for measuring energetic neutral radiation from the 
Sun [22]. Along with that, the scintillator detector provides 
the measurements of protons with energy >75 MeV and 
electrons >40 MeV. It has a large geometrical factor (2000 
cm2sr, channel 1 in the following). This allows to measure on 
the orbit the variations of low energy cosmic rays especially 
during the solar flare events and also during the Forbush 
decreases. SONG on CORONAS-F has one more high energy 
proton channel, namely, for protons Ep=200-300 MeV 
(channel 2). However, at an earlier experiment on 
CORONAS-I we showed that the decreases of galactic 
cosmic rays could have been observed by means of the 
similar instrument at the channel with even higher energies 
[23].  
Fig. 3 shows the time evolution of proton measurements by 
channel 1 of SONG instrument during the interval of October 
28-31, 2003. At high latitudes (north, L>15) the large SEP 
event is observed. Penetration of protons E> 75 MeV to L=3 
is related to local cutoff rigidity decrease computed for 
CORONAS-F orbit by Ts89+Dst model. Model Ts89 is not 
sufficient to explain the variations of the protons penetration. 
Computations using the Dst extension of that model show 
two minima in cutoff time profile which seem to be 
approximate but not exactly corresponding to the 
measurement.   
 
Fig.2. From top to bottom: Dst; upper-U and effective-E 
vertical cutoff rigidities by Ts89 (LSTS) and Ts89+Dst 
model (LSBOB); Lomnicky Stit (LSN) CR intensity, 
normalized to 00-12 UT of Oct.28, 2003. 
Fig.3. The event on October 28-31, 2003 seen at high latitudes 
(L>15 selections, upper panel) and at L=3 in the 
northern hemisphere (2nd panel from top) by 
CORONAS-F satellite. The two next lower panels show 
the computed vertical cutoffs for Ts89 model (RUT - 
upper, RET - effective) and for Ts89+Dst (RUB - upper, 
REB - effective) respectively.  
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Interval 2 (November 20-23, 2003) 
The largest decrease of Dst during the years of 2002-2005 
was observed on November 20, 2003 (Dst=-471nT). This 
disturbance affected strongly the transmissivity of the 
magnetosphere and, similarly to other events [e.g. 2,32] led to 
the increase of cosmic ray intensity at NMs with relatively 
high nominal cutoff rigidity as shown in Fig. 4 (left).  
For interval 2 the data of solar wind and IMF (see Fig. 5) 
are available (from http://nssdc.gsfc.nasa.gov/omniweb/). 
Also model Ts04 is used for cutoff rigidity variations 
estimate. Fig. 4 (right) demonstrates that for Ts04 model the 
vertical cutoff reductions are smaller than for Ts89+Dst 
extension and minima of computed cutoff rigidities for 
approach (3) rather precede the increase in NM cosmic ray 
intensity than it is in approach (2). Similar pattern with the 
better timing of minimum cutoff to the corresponding peak at 
NM Rome for Ts04 model than for Ts89+Dst extension is 
shown in Fig. 6.   
The geomagnetic transmission for cosmic rays access to 
the Earth can be quantitatively described by the transmissivity 
function approach. The transmissivity function (TF) here is 
defined as the probability that a particle having rigidity (R, 
R+dR) will access the detector from zenith direction (vertical 
access). For dR we use 0.1 GV. Fig. 7 displays transmissivity 
function computed by different external field models for 
Lomnicky Stit in quite and disturbed times. One can see that 
shift of TF to lower rigidities during disturbed period varies 
significantly with different field models. Fig. 8 shows the 
corresponding structure of asymptotic directions out of 
penumbra region. The asymptotics are shifted significantly 
westward, which is particularly well pronounced for the low 
rigidity part of the arriving particles, and their range is 
narrowed when the magnetic activity is increased. However, 
presented asymptotic directions do not show net variations on 
magnetic activity; variations on local time have been recently 
reported in [28].  Smooth structure on top panels correspond 
to the entry in day-side sector, while slightly perturbed one on 
lower panels is related to the night side entries.  
Interval 3 (November 7-12, 2004) 
This is another strongly disturbed interval when the inputs 
into Ts04 model are found available. There is observed rather 
complex, long lasting decrease in cosmic rays shown in Fig. 9 
for one middle latitude station. The recovery of CR intensity 
observed on the ground to the pre-storm level was reached 
close to the end of November (at Lomnicky Stit). Cosmic ray 
intensity below the atmospheric threshold (channel 2 at 
SONG /CORONAS-F) is still depressed as indicated in Fig. 9 
low panel. 
During the geomagnetic disturbance on November 8, 2004 
the transmissivity of magnetosphere increased - one signature 
of them is seen at Lomnicky Stit while similarly to the second 
Fig.5. Input parameters W1(inner tail current), W2(outer tail 
current), W3(symmetrical ring current), W4(partial ring 
current), W5(field-aligned current-region 1), W6(field-
aligned current-region 2) for Ts04 model - constructed 
from the time profiles of solar wind densit Np, speed Vp, 
IMF Bz by Tsyganenko and Sitnov [25] formula (7) 
modified for one – hour data. 
 
Fig.6. Rome NM normalized counting rate profile compared 
with the effective and upper cut-offs obtained from 
trajectory computations. The vertical cutoffs are 
computed for the approach (2) (ROMABOBU – upper, 
ROMABOBE – effective) and for approach (3) 
(ROMATS04U – upper, ROMATS04E – effective) of 
geomagnetic field model. 
 
Fig.7. Transmission functions (for vertical direction) for Lomnicky Stit before the onset of the storm (Nov. 20, 2003, 02 UT, black) and 
during the Dst minimum (19 UT, red) for three models (from left to right: Ts89, Ts89+Dst, Ts04). 
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interval analyzed here (November 20-23, 2003) it was better 
pronounced again at Rome and at Athens NM (not shown 
here). There was a moderate increase of proton flux with the 
maximum around the midnight 07/08 November observed at 
GOES. The Dst was decreasing to -373 nT at 07 UT on 
November 8. During the Dst decrease the channel 1 of SONG 
indicated increases when CORONAS-F crossed L=3. Even at 
 
Fig.8. Asymptotic directions for vertical incident particles in rigidity range between upper rigidity and 5 GV for Lomnicky Stit (black 
diamond on map) before the disturbance (upper panels, Nov. 20, 2003, 02 UT) and at minimum Dst (lower panels, Nov. 20, 
2003, 19 UT) for Ts89+Dst model (left) and Ts04 model (right). 
 
 
Fig.9. Cosmic ray decrease observed at Lomnicky Stit neutron 
monitor (top) and at the high latitude passes on 
CORONAS-F (low), channel 2 of SONG instrument, 
during the interplanetary and geomagnetic disturbances 
in November 2004. 
 
Fig.10. The count rate of the channel 1 SONG at CORONAS-F 
at the crossings of L=3 (upper panel) and computed vertical 
cutoffs for the two models of geomagnetic field (T – Ts04, B – 
Ts89+Dst).
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the crossing L=2 the increase was observed (not displayed 
here). The profiles at the crossings of L=3 and the cutoff 
expectations on CORONAS-F orbit are presented in Fig. 10. 
Although the increase of counting rate corresponds to the 
time interval when cutoffs are expected to be <1 GV, the time 
of maximum does not match exactly the minimum of cutoffs. 
Contrary to the event on November 20-23, 2003, as changes 
of both cutoffs were much stronger for Ts89+Dst approach 
than for Ts04 one, here the differences are not significant.    
Comparison of cutoff rigidity profiles by two approaches 
(Ts89+Dst, Ts04) for position of Mexico NM is given in Fig. 
11. Calculations by two models indicate that upper and 
effective cutoff rigidities vary in opposite manner; this is 
most pronounced during the minimum Dst. This illustrates 
that concept of a single cutoff value (effective or upper) is not 
good for strong disturbances. Fig. 12 demonstrates a 
complicated penumbra structure at Mexico NM station when 
magnetosphere is strongly disturbed. One can see the fine 
structures during the disturbance differ for used external 
magnetic field models.  
Conclusion 
Vertical cut-off rigidities have been computed by using 
Tsyganenko geomagnetic field models (1) Ts89, (2) Ts89+ 
Dst extension and (3) Ts04 dynamical model depending on 
the availability of data, for selected intervals with different 
geomagnetic activity level in 2003 and 2004 while compared 
with NM and low altitude polar orbiting satellite 
measurements by CORONAS-F. 
For November 20, 2003 strong disturbance the approach 
(3) provides more moderate shifts of vertical cutoffs and it is 
better matching the time profile of increase at middle and low 
latitude neutron monitors than the approach (2). 
Penetration of solar protons on CORONAS-F orbit to L<3 
during the solar proton event on October 28-29, 2003 was 
observed due to the improved magnetospheric transmissivity. 
The time profile of the intensity of the penetrating protons 
(>75 MeV) approximately corresponds to that of effective 
and upper cut-off rigidity deduced from the approach (2). 
Ts89 model itself (without Dst extension) does not explain 
the observed profile. 
During the geomagnetic disturbance on November 8, 2004, 
accompanied by galactic cosmic ray decrease observed both 
on neutron monitors and on high latitude passes of 
CORONAS-F below the atmospheric cut-off, the increase of 
>75 MeV protons on CORONAS-F due to the improved 
magnetospheric transmissivity was observed at L=3.  For that 
case the differences between geomagnetic cut-offs computed 
using models 2 and 3 and their temporal evolutions are not 
significant.  None of the models used match the time profile 
of energetic protons at L=3 precisely. 
 In summary, we have demonstrated that for mid-latitudes 
(at ground and at low altitudes) during strong geomagnetic 
disturbances the used models of external magnetic fields 
sometimes (for specific magnetospheric conditions) differ 
significantly in predictions. In addition, for one low latitude 
station was shown a difficulty when characterize geomagnetic 
transparency by concept of a single cutoff rigidity.      
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